Objective. To investigate the safety and efficacy of the Herbal Medicine C-117 (C-117) formula in the treatment of carotid atherosclerotic vulnerable plaques. Methods. This was a prospective, single-centre, randomized, double-blind study. A total of 120 eligible patients were randomly divided into two groups to receive the C-117 formula or placebo. As the basic treatment, both groups were treated according to the Guidelines for Secondary Prevention of Ischemic Stroke/Transient Ischemic Stroke in China using statins to regulate blood lipids, blood pressure lowering drugs, drugs for controlling blood sugar, and antiplatelet drugs according to the indications. The primary outcomes were the change in stability, the mean change of the plaque Crouse score, and the area and number of bilateral carotid artery plaques before and after 6 months of treatment. The secondary outcomes were the total number of cardiocerebrovascular events during the treatment and follow-up and the mean changes of lipid levels. Result. After 180 days of treatment, the plaque Crouse score(95% CI, 0.39 (0.01-0.77), P=0.046) and plaque area (95% CI, 2.14 (-10.10-14.39), P=0.727) were lower in the C-117 formula group than that before treatment. The plaque Crouse score of the control group (95% CI, 0.17 (-0.24-0.57), P=0.417) was lower than that before treatment, while the plaque area (95% CI, -0.35 (-9.35-8.65), P=0.938) increased, but without statistical significance. There was no significant difference in the reduction of the intima-media thickness (IMT), plaque Crouse score, or plaque area between the two groups after treatment (P>0.05). Subgroup analysis of patients whose Lipitor medication time ≥ 20% of the 6-month treatment showed that the levels of total cholesterol, triglycerides, and low-density lipoprotein were lower in the two groups after treatment than before, and the low-density lipoprotein levels in the C-117 formula group significantly decreased (95% CI, 2.99 (-0.08-0.39), P=0.005), but there was no statistical difference between the two groups after treatment (P>0.05). No serious adverse events occurred in the two groups after 180 days of treatment. Conclusion. The C-117 formula may be antiatherosclerotic by strengthening statins to reduce the low-density lipoprotein levels and reducing the carotid plaque Crouse scores. Clinical trials with large sample sizes, long-term interventions, and follow-up are needed to investigate the efficacy of the C-117 formula. Clinical Trials Registration. This trial is registered with clinicaltrials.gov identifier: NCT03072225 (registered retrospectively on 1st March 2017).
Introduction
Studies have shown that, between 1990 and 2016, global stroke mortality and morbidity gradually declined, but the morbidity in China was still rising and the burden of stroke as worse than before [1] . Stroke is still the leading cause of death and disability in China, and ischemic stroke's incidence rates is the highest among pathological types of stroke [2, 3] . Rupture of carotid atherosclerosis (CAS) plaques is an important cause of ischemic stroke. Studies have shown that, among Chinese symptomatic patients, there were more people with vulnerable carotid artery plaques than those with carotid stenosis (≥50%) [4] .
At present, the treatment of CAS plaques mainly includes tertiary drug therapy (antiplatelet, lipid lowering, and blood pressure control) and surgical treatment (carotid endarterectomy; carotid artery stenting) [5, 6] . Vascular stent implantation directly covers unstable plaques, and there is a risk of restenosis after vascular stent surgery, while carotid endarterectomy has not been widely available in China. Statins, the most commonly used lipid-lowering drugs also have shortcomings. The SPARCL study [7] showed that highdose atorvastatin calcium tablets (80 mg) only reduced the stroke recurrence rate by 16% over 5 years compared with placebo but increased the risk of haemorrhagic stroke. Statins also have other side effects, such as liver damage, muscle damage, and so on [6, 8, 9] . Therefore, there is still a lack of safe and effective drugs for treating CAS-vulnerable plaques.
Traditional Chinese Medicine is widely used as a secondary prevention in various types of chronic diseases in China, including atherosclerosis (AS). In the theory of traditional Chinese Medicine, the plaque is considered to be a tangible pathological factor (tangible evil) that is a pathological product of phlegm and blood stasis. The C-117 formula has been patented (Chinese Patent, application no. 201610326186.9) and consists of four kinds of herbal and insect medicine (Hirudo (ShuiZhi), Atractylodis Rhizoma (CangZhu), Curcumae Zedoary (EZhu), and Endothelium Corneum Gigeriae Galli (JiNeiJin)), which might remove blood stasis and clear phlegm, making the meridian smooth again. Traditional Chinese Medicine theory believes that animal medicine has stronger pharmacological activity than botanical medicine. Hirudo and Endothelium Corneum Gigeriae Galli are animal medicines that have the effect of removing a disease from the deep meridians and making the meridians smooth. Modern pharmacology believes that they can anticoagulation, inhibit endothelial cell proliferation, and antioxidation, and regulate blood lipids [10] [11] [12] [13] . Years of clinical practical experience has shown that the Herbal Medicine C-117 formula might stabilize plaques or reduce the area of vulnerable plaques. The preexperiment, a small sample size and nonrandomized controlled study, showed that compared to treatment with atorvastatin calcium tablets alone, combination therapy with the C-117 formula was more effective in reducing the carotid IMT (F=30.806, P≤0.001), plaque Crouse score (F=11.815, P=0.001), and plaque area [14] .
However, there is still a lack of well-designed clinical trial evidence. Therefore, we designed a single-centre, prospective, randomized, double-blind, and placebo-controlled clinical trial to evaluate the safety and efficacy of the C-117 formula.
Methods

Setting and Study
Population. This study was a singlecentre, prospective, randomized, double-blind and placebocontrolled clinical pilot trial with two parallel groups. The study received ethical approval from the Ethics Committee of Guangdong Provincial Hospital of Chinese Medicine (Ethical Review no. Y2016-001) and was registered with ClinicalTrials.gov (ClinicalTrials.gov ID: NCT03072225).
All participants were recruited by posters in the hospital or in the hospital's WeChat official account ads. All patients in the screening session were informed of the protocol and signed a consent form. A total of 120 eligible patients who had hyperlipidaemia and vulnerable carotid plaques (Table 1 shows the detailed eligibility and exclusion criteria) were randomly divided into the C-117 formula group and the placebo group according to a 1:1 ratio and received a 6-month treatment.
Randomization and Blinding.
The participants were assigned at random to one of the two treatment groups at a ratio of 1:1. Block randomization is generated and stratified by the PROC PLAN process using the SAS software version 9.2. The stochastic allocation procedure was saved in the Key Unit of Methodology in Clinical Research of Guangdong Province Hospital of Traditional Chinese Medicine (KYMCRGO-HTCM). Stratified block randomization was concealed using a sequentially numbered and opaque envelope.
Eligible patients were randomized into the C-117 formula group or the placebo group by obtaining medicines associated with the given drug codes in accordance with the order of visits. Participants, investigators, statisticians, and all study staff were blinded. Only the data administrators were permitted access to the unblinded data. [15] , including treatment of basic diseases (control of hypertension, diabetes, hyperlipidaemia, and other diseases) and establishment of a good lifestyle.
For the C-117 group, the C-117 formula is composed of 4 herbal and insect medicines, Hirudo (ShuiZhi), Atractylodis Rhizoma (CangZhu), Curcumae Zedoary (EZhu), and Endothelium Corneum Gigeriae Galli (JiNeiJin). For the placebo group, the placebo is composed of dextrin, powdered sugar, starch, and liquid caramel. Its colour, smell and form are consistent with the C-117 formula. Both C-117 and the placebo drugs were prepared by the Kangyuan Pharmaceutical Factory according to Good Manufacturing Practices (GMP). Each pill had a diameter of 4.2 mm and was sealed and packaged in an opaque plastic bag (6 g per bag). Quality control was strictly enforced throughout the trial.
Patients were instructed to take the pills one bag each time, twice a day for 6 months. Only one month's dose could Infection, tumour or insufficient heart, liver and kidney functions (renal function higher than twice the upper limit in normal limits, HYHA heart function grading higher than or equal to level 2); 5
Acute myocardial infarction and unstable angina pectoris; 6
Acute cerebral arterial thrombosis; 7
Severe stenosis or occlusion of distal intracranial vessels; 8
Pregnant women or lactating mothers; 9
Known history of allergy to the trial drugs.
be obtained at a time, so each patient had to return to the hospital once a month to receive the drug from the investigators. The investigators were responsible for dispensing the medication and recording the adverse events that occurred during the medication.
Measurements.
The primary outcome measures were the change in stability, the mean change of the plaque Crouse score, and the area and number of bilateral carotid artery plaques before and after 6 months of treatment. A carotid artery ultrasound was used to the detect carotid artery IMT at the bilateral common carotid artery, bilateral internal carotid artery, bilateral external carotid artery, and its bifurcation 1.0 cm proximal and 1.0 cm distal to the carotid, and the average of the three locations was taken as the carotid IMT. Carotid artery IMT≥1.0 mm is defined as intimal thickening and localized IMT ≥1.5 mm as defined as a plaque [16] .
Stability was defined according to the description of the colour ultrasound result: homogeneous hypoechoic plaques and irregular and ulcerated plaques represented unstable plaques, while homogeneous echogenic plaques and strong echogenic plaques represented stable plaques. The sum of the maximum thickness of each plaque in each blood vessel is defined as the plaque Crouse score for that blood vessel, and the sum of the bilateral carotid artery Crouse score was defined as the plaques Crouse score for each patient. To determine the plaque area, 3 diameters of each plaque were measured, and the two largest diameter lines were selected as the length-width multiplication. The sum of the areas of both carotid plaques was the total plaque area of the patient. The number of plaques was the sum of the number of bilateral carotid plaques.
The secondary outcomes were as follows: (1) The total number of cardiocerebrovascular events within 12 months (6 months treatment period and 6 months follow-up): cardiovascular and cerebrovascular events refer to events that cause vascular atherosclerosis and lead to organ lesions, such as coronary heart disease and stroke; (2) the mean changes of lipid levels (including triglyceride, cholesterol, low-density lipoprotein, and high density lipoprotein) before and after the 6-month treatment; (3) the mean changes of bilirubin levels (including the total bilirubin, direct bilirubin, and indirect bilirubin) before and after the 6-month treatment.
All adverse symptoms or adverse events were recorded throughout the study.
Sample
Size. According to the study by Hirayama, A, et al. [17] , the most commonly used drug for treatment of hyperlipidaemia, Atorvastatin, could decrease the volume of plaques by 8.7%. We supposed that the basic treatment combined with the C-117 formula could decrease it by 15%. According to this supposition and as calculated by the PASS 11.0 software, a sample size of 210 in each group achieved a 90% power and ruled out a two-sided type I error of 5% to detect a superiority margin difference of 15% in this trial. Considering a 15% loss to follow-up, the total sample size was adjusted to 247 in each group. Our preexperiment enrolled 103 participants, and the results showed that the C-117 formula might stabilize the vulnerable plaques [14] , but it was a nonrandomized controlled study that reduced the credibility of the results. This study was designed as a randomized controlled and pilot study, so we reduced the sample size to 120 patients, with 60 patients in each group. . The statistical analysis set included Full-Analysis Set, Per-Protocol Population Set, and Safety Set. According to the principle of intention-to-treat analysis, FAS was a randomized group with at least one intervention and included postintervention evaluation data; PPS was in accordance with the inclusion criteria specified in the trial protocol, and compliance was greater than 80%; the outcome of the treatment was complete and there was no outcome evaluation after the last treatment. Drugs or treatments that might affect the efficacy evaluation were not used during the trial. The PPS dataset is the secondary dataset for the efficacy evaluation of this study; SS was all randomized. Grouping was used as long as patients underwent a study treatment and had performed at least one safety assessment. For FAS, this study used the following data-filling method: in the case of 0-180 days of detachment, withdrawal (nondeath): LOCF (last carry-over).
Demographic and baseline data were analyzed with standard, descriptive statistics. The blood lipid levels, number of plaques, plaque area, Crouse score, and bilirubin content are expressed as the mean ± standard deviation. The total cholesterol content, plaque Crouse score, total bilirubin, and indirect bilirubin content were compared before and after treatment with paired design t test. Triglyceride and lowdensity lipoprotein levels were compared before and after treatment. The independent sample rank sum test was used to compare the block area and posttreatment groups. The statistical description of the qualitative variables included the number of cases per group, the composition ratio (rate), and the chi-square test. All statistical tests were performed by a two-sided test. The test level was defined as =0.05, and the difference was statistically significant at P<0.05. All statistical analyses were performed on blinded group allocations.
Result
From March 1st, 2017, to September 18th, 2018, a total of 270 people entered screening, and 120 cases were included in the study. One case from each group did not meet the inclusion criteria and was excluded. Therefore, a total of 118 patients were treated with medication (see Figure 1) , of which 56 were male. More than half of the subjects in the test population were ≥ 60 years old (89 (75.42%), 56.78% of the subjects had hypertension, and 45.76% had diabetes. Of the patients, 79.7% took Lipitor (Atorvastatin calcium tablets 20 mg qn) as a lipid-lowering treatment, and only 4 people did not take lipidlowering drugs. After 6 months, a total of 17 subjects did not complete the trial (6 in the C-117 formula group and 11 in the placebo group). The two groups were baseline balanced and comparable (Table 2) .
Plaque Characteristics.
In the C-117 formula group after 6 months of treatment, the plaque Crouse scores (95% CI, 0.39 (0.01-0.77), P=0.046<0.05) and plaque area (95% CI, 2.14 (-10.10-14.39)), P=0.727) were lower than before treatment, and the change in the plaque Crouse score was statistically significant. The plaque Crouse score of the control group (95% CI, 0.17 (-0.24-0.57), P=0.417) was lower than that before treatment, and the plaque area (95% CI, -0.35 (-9.35-8.65), P=0.938) increased compared with the area pretreatment, though neither of these were statistically significant (Table 3 ). There was no significant difference in the reduction of IMT, plaque Crouse score, or plaque area between the two groups after treatment (P>0.05).
Blood Lipid and Bilirubin Changes.
To reduce interference, we only analysed lipids levels in patients who were treated with Lipitor. After treatment, the triglycerides and total cholesterol of the two groups were lower than before, and the total cholesterol in the C-117 formula group significantly decreased (P<0.05) ( Table 4 ). There was no significant difference in blood lipids between the two groups after treatment (P>0.05). After sorting out and analyzing the database again, we found that some patients took lipid-lowering drugs only for a very short time, which may cause inaccuracy in the results of analysis. So we divided the patients who had not taken or the lipid-lowering medication time < 20% of the 6-month treatment into one group, a total of 16 people (Table 5 ). After removing this group of patients, we analyzed the blood lipid levels before and after treatment in patients taking Lipitor again. It showed that the triglyceride, total cholesterol, and low-density lipoprotein (LDL) were found to be reduced in both groups, and the triglyceride change in the control group and the low-density lipoprotein change in the C-117 formula group were statistically significant. There was no statistical difference between two groups after treatment (Table 6) .
After treatment, the total bilirubin and direct bilirubin increased in both groups, and the direct bilirubin significantly increased in both groups (P<0.05) ( Table 7 ). There was no statistically significant difference (P>0.05) when comparing bilirubin between the two groups after treatment (Table 7) .
Adverse Events.
During the 6-month treatment period, there were 9 cases of a blood pressure drop in the two groups (5 in the C-117 formula group and 4 in the placebo group). There were 2 cases of constipation and 3 cases of diarrhoea, all of which were from the placebo group. There were 9 other adverse events (2 in the C-117 formula group and 7 in the placebo group). A total of 9 patients developed a decrease in blood pressure, and blood pressure returned to normal after the antihypertensive drug was stopped. The blood pressure drop occurred between June and August, which may be related to vasodilation in summer. We think the blood pressure drop was independent of the drug. In the control group, constipation could be alleviated after stopping the drug and may have been related to the drug. Diarrhoea, dizziness, acute cholecystitis, tonsillitis, palpitations, and hyperhidrosis were considered to be unrelated to the test drug. Six patients in the placebo group withdrew from the trial due to adverse events, and 5 were lost to follow-up. Three patients in the C-117 formula group withdrew due to adverse events, and 3 patients were lost to follow-up. 
Discussion
This study aimed to investigate the safety and efficacy of the C-117 formula in the treatment of CAS-vulnerable plaques. After 180 days of medication, the plaque Crouse scores of the two groups were lower than before and the total cholesterol and blood lipids decreased compared with those before treatment. The change of the C-117 formula group was statistically significant, but no significant differences were found when comparing between groups after treatment. Although adverse events occurred during the 6-month treatment, there was no liver or kidney dysfunction, and all adverse events were associated with a weak correlation with the C-117 formula. We believe that the C-117 formula provided better results. Studies have found that the serum bilirubin levels in patients with AS are negatively correlated with the TIM thickness. The serum bilirubin levels is one of the risk factors for atherosclerosis. Although all molecular mechanisms behind its biological effects are still unknown, bilirubin is an important prognostic marker and a potential therapeutic target [18] [19] [20] . Therefore, we also compared the bilirubin levels of the two groups and found that the total bilirubin and direct bilirubin levels in the two groups were higher than those before treatment, but there was no difference between 6 Evidence-Based Complementary and Alternative Medicine the two groups after treatment. Statins, the most commonly used lipid-lowering drug, achieve a lipid-lowering effect by lowering the levels of low-density lipoprotein. The results of this study found that, on the basis of the use of statins, the lowdensity lipoprotein decreased more significantly after the use of the C-117 formula, suggesting that the C-117 formula may strengthen the effect of statins. The pathogenesis of AS is unclear, and the "endothelial injury" hypothesis is recognized by most people [21] . AS involves many biological processes, such as the inflammatory response, angiogenesis, and smooth muscle proliferation. Finally, lipids in the intima and proliferated and migrated smooth muscle cells form AS plaques [22] . AS plaques attach to the lumen of the artery, obstruct blood flow, and cause vascular stenosis in severe cases. Because AS is a progressive disease, the current clinical treatment advocates long-term intervention for high-risk patients; controlling blood pressure, blood sugar, and other risk factors; delaying the process; and preventing serious cardiovascular and cerebrovascular diseases [6] . The results of this study did not statistically validate the efficacy of the C-117 formula in the treatment of vulnerable plaques, but we found that the carotid IMT and plaque area in the C-117 formula group were lower than those before treatment, and the degree of change was greater than that of the control group. We speculate that the compound may delay the accumulation of a plaque and have certain lipid-lowering effect, but the effect is relatively mild, and the best therapeutic effect was not achieved in 180 days of treatment.
The C-117 formula consists of four drugs, Hirudo (ShuiZhi), Curcumae Zedoary (EZhu), Atractylodis Rhizoma (CangZhu), and Endothelium Corneum Gigeriae Galli Evidence-Based Complementary and Alternative Medicine 7 (JiNeiJin), which contains two animal drugs. Hirudo's active ingredient, hirudin, protects endothelial cells by inhibiting thrombin activity, lowering lipids, and regulating the NO/endothelin balance. Hirudin can also inhibit the release of inflammatory factors, the formation of foam cells, and the proliferation of vascular smooth muscle cells [10, 11] . Curcumae Zedoary's main component, curcumin, also inhibits endothelial cell proliferation and migration, so the combination of Curcumae Zedoary and Hirudo can reduce the occurrence of endothelial damage. In addition, Curcumae Zedoary can control the risk factors of AS by reducing the local inflammatory response, lower lipid levels, and inhibiting platelet aggregation [23, 24] . Atractylodis Rhizoma could control blood pressure by inhibiting the activity of the angiotensin-inhibiting enzyme. it also could inhibits gastric acid secretion, Hypoglycemic and so on [25] . Endothelium Corneum Gigeriae Galli is the inner wall of the dry sac of the Gallus gallus domesticus Brisson and contains a variety of active proteases, amino acids, and polysaccharides from Endothelium Corneum Gigeriae Galli. Endothelium Corneum Gigeriae Galli can delay the AS process by antioxidation and improving blood sugar and blood lipid levels and blood rheology parameters [12, 13] . Therefore, we speculate that the combination of the four drugs can help control blood lipids and blood pressure by inhibiting endothelial cells, inhibiting foam cell formation, inhibiting smooth muscle cell proliferation, antioxidation, and improving blood viscosity to delay the development of AS. The limitations of this study include the following: (1) An insufficient sample size. This study included a total of 120 patients, and the small sample size limited the credibility and extrapolation of the analysis results. (2) A short research period, the intervention time of this study was too short to realistically reflect the efficacy and safety of the C-117. (3) The diagnostic method of CAS-vulnerable plaques is determination of the carotid artery colour by Doppler ultrasound, and the result is subjectively influenced by the operator. Although we conducted unified training in colour ultrasound examination for doctors before the experiment, we cannot eliminate the existence of subjective deviations. Therefore, there is a certain influence on the judgment of the results. Our follow-up research needs to use more objective examination methods for diagnosis and evaluation. In summary, the C-117 formula may delay the AS process, but this study is limited by the sample size and study period. The results of this study failed to statistically verify this inference. However, we found that the C-117 formula has a mild effect in delaying the accumulation of plaques and lipid lowering. Clinical trials with large sample sizes, long-term interventions, and follow-up are needed to investigate this effect.
